METHODS:
Three cadaver specimens were dissected to allow loading of the FDP, FDS, and FPL tendons to simulate grasp, with loading of the ECR and ECU to prevent wrist flexion. Loading fixtures were non-ferromagnetic, so that wrist loading could be performed in an MRI scanner. The volar wrist capsule was sectioned along the radiocarpal border to allow insertion of a Tekscan pressure sensor into the radiocarpal joints to measure contact pressures, area and force during simulated grasp.
Each specimen was imaged at the wrist without loading in a 3T MRI scanner. A custom surface coil and a constructive interference steady state (CISS) sequence were used to obtain images of the cartilage and bones, with a 0.5 mm slice thickness and 0.15 mm in-plane pixel size. Unloaded images were used to construct surface models of the radius, scaphoid, and lunate, which included the cartilage surfaces.
Each specimen was also imaged at the wrist during the application of the digital flexor and wrist extensor tendon loads. These images were acquired with half the resolution, to bring scan time low enough for future in vivo active grasp scans (196 seconds).
The radius, scaphoid, and lunate bones without cartilage (from both image sets) were isolated on a black background in separate image sets for image registration. The radius was selected as the fixed reference. Registration of the loaded radius to the unloaded radius provided the transformation between the two image sets. The images of the loaded scaphoid and lunate were transformed into the coordinate system of the unloaded images. Then the unloaded scaphoid image set was registered to the (transformed) loaded scaphoid image set (and similarly for the lunate). This provided the kinematic transformations of the carpal bones from the unloaded state to the loaded configuration.
The carpal kinematics were implemented with the surface contact models in the Joint_Model software [3] . The area of surface penetration defined the contact area, the local interpenetration defined the local cartilage deformation. Based on uniform cartilage thickness (1 mm) and an effective cartilage modulus of 4 MPa, local contact pressure was calculated from local surface penetration. Contact pressures were integrated over the contact area to obtain contact force. Contact area was compared to contact area directly measured from the MRI images and from the experimental Tekscan data. Contact force and peak contact pressures were compared to those from the experimental Tekscan data.
RESULTS SECTION:
Results are currently analyzed for only one specimen. Qualitatively, the relative size and location of scaphoid and lunate contact on the radius correspond well (Fig. 1) . Quantitatively, the model radioscaphoid contact area matched the Tekscan data precisely (within 10%) and was within 15% of the directly measured contact area (Fig. 2) . Model radiolunate contact area was also within 15% of both the Tekscan and the directly measured contact area, except for Specimen 2. Tekscan and direct area measurements matched each other very precisely.
Force data from the model was off by somewhat more than 20% for both radioscaphoid and radiolunate contact, but values were reasonable (Table 1) . Peak pressure data from the model showed the largest discrepancies, as they were substantially lower than the Tekscan values. 
DISCUSSION:
Contact area data is quite consistent and indicates reliability of all measurement methods. Contact force appears reasonably accurate compared to experimental measures, though it did not fall within the 20% threshold of the experimental measurement (about 2 times the accuracy of experimental measurements). Lower image resolution in the scans acquired with loading made direct measurement of contact area somewhat more difficult than prior experiments. Peak pressure is most difficult to precisely determine, as it is highly dependent on both geometry and kinematics. Accurate peak pressures are, however, important for the proposed applications of image-based modeling. While the method is not perfect, it could provide reasonably good in vivo data. 
